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We analyzed these measurements by univariate, bivariate, and
multivariate means, trying out different combinations of ages
stages until we could achieve good discrimination with the largest
possible samples. For the purpose of these analyses, we called all
specimens from the forest belt of Central Africa cyclotis and all
those from the East and South African savannah belt africana, and
tested specimens from other areas to see where they appeared on
the charts, and repeated the analysis until we had the largest
possible samples. This process added all West African specimens
to the cyclotis sample, and all specimens from Ethiopia, Sudan and
Chad to africana.
and

Discussion

Figure 1 shows that males of both species continue
increasing in size (in prosthion to vertex length, total skull
length) throughout life, whereas females slow down after stage 6,
though they do continue to increase until stage 9. This is not new
information, but the figure simply shows that the skull keeps pace
with the overall body size. Fig. 2 shows that it is, on the
contrary, only the bull L. africana whose tusks continue to enlarge
throughout life. Fig. 3 shows that, when stage 9 individuals are
considered, there is almost no overlap in skull length between
bulls, and none at all between cows (although the samples are
rather small, that for female L. africana being only 5).
In a few variables, however, L. cyclotis is actually larger than
L. africana. One of these is what we call Spout Length, the antero
posterior diameter of the mandibular symphysis. This is a
primitive feature; in the fossil record first the mandibular incisors
disappeared, then the spout itself, which contained their alveoli,
shortened. From Fig. 4 it can be seen that the disparity increases
with age, so that at the largest sizes there is no overlap: skulls of
Bush Elephants are absolutely larger, but Forest Elephants have
absolutely longer spouts. These analyses confirm what Frade
(1955) found on non-metrical features: that the two rank as
perfectly distinct species, with absolute differentiation between
them.
Figures 5, 6 and 7 show the results of Discriminant Analysis
(using SPSS; cf. Grubb et al., 2000). The four samples are males
and females of the two species. We used only crania: including
mandible measurements would have reduced sample sizes too
much. We found that the typical species differences were shown
by all skulls from stage 6 upwards. The resulting sample sizes
were satisfactorily large: L. cyclotis males 26, females 24; L.
africana males 43, females 24, making 117 skulls in all. In
Discriminant Analysis one employs techniques of matrix algebra,
weights combinations of measurements to give the maximum
differentiation between samples and the minimum variation within
samples. In this case, measurements of Bizygomatic Breadth,
Occipital Breadth, Postorbital Process Width, Rostrum Length and
Rostrum Least Breadth were removed (by the program), as adding
no extra information, so that the differentiation between the four
samples depends entirely on just four variables: Occipital Height,
Postorbital Constriction Width, Prosthion to Vertex length, and
Rostrum Greatest Breadth.
Discriminant Function 1, which separates the two species
absolutely, accounts for 80.42 percent of the total variation. L.
africana has, according to the weightings applied to the variables,
a long skull with high occiput; L. cyclotis has a wider postorbital
constriction and relatively broader rostrum.
Discriminant
Function 2, which separates the two sexes but not absolutely,
accounts for 19.04 percent of the variance (the remaining 0.54
percent is “noise”). Males have long skulls but females have a
relatively higher occiput.
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Figure 1. Growth in skull length. Dental eruption stage on
Abscissa; Prosthion to Vertex length on Ordinate.

Figures 2 through 7 next page.
Figure 2. Skull length for the two species at full
size (eruption stage 9). 1 - Forest Elephant males, 2 - females; 3 Bush Elephant males, 4 - females. Number of skulls for each
sample is given along Abscissa.
Figure 3. Increase of diameter of tusk alveolus with age.
Figure 4. Relative spout length. Skull length on Abscissa,
Spout length on Ordinate.
Figures 5-7. Discriminant Analysis of Forest from Bush
Elephants, males and females treated separately. Plus signs mark
positions of skulls from border areas (entered into the analysis a
posteriori). Fig. 5, Virunga National Park, DRC; Fig. 6, Western
Uganda; Fig. 7, Uele River district, northern DRC.

It is the skulls from the border areas that are of special
interest here. They are of both sexes, and it is noteworthy that all
of them assorted with their correct sex, so increasing confidence
that their taxonomic status is accurately depicted by the analysis.
Fig. 5 shows the position of skulls from the Parc National des
Virunga (formerly Parc National Albert), which runs along the
border between DRC and Rwanda and Uganda, from the Virunga
Volcanoes to just north of Lake Albert. The region is one of
forested mountains and lower-lying savannahs, notably the
Rutshuru Plains. Most of the skulls fall within the range of either
L. cyclotis (6 cases) or L. africana (3 cases) but at least 3 are
definite hybrids, as is one other (which could be a female
cyclotis). Fig. 6 shows the position of skulls from Western
Uganda (Budongo Forest and West Nile District). All could be
hybrids. It is noticeable that whereas the Parc National des
Virunga hybrids emerge as being more towards cyclotis, the
Uganda ones are more towards africana. Fig. 7 is strikingly
different; these are skulls from the Uele River region [most of
them in fact are from Parc National de la Garamba, including
Gangala na Bodio where Backhaus (1958) reported that he found
intermediates]. There is no clear case of a hybrid. The skulls are
all within the range of either cyclotis or africana, and in each case
they are scattered within the dispersions of the two species, with no
indication of gene-flow. This does not mean that there is no
hybridization along the Uele; merely that a presumably random
sample of 13 skulls does not include any definite hybrids.
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Conclusions

The Forest Elephant and Bush Elephant of Africa constitute
two separate, diagnosably distinct species. Where their ranges
meet, there may or may not be hybridization. Hybrids occur
across the Congo-Rwanda-Uganda border, but apparently “pure”
members of both species occur there as well; there is no good
evidence for interbreeding in the Uele River region which includes
Gangala na Bodio.
Literature Cited
Backhaus, D. (1958). Zur Variabilität der äusseren systematischen
Merkmale des afrikanischen Elefanten (Loxodonta Cuvier, 1825).
Säugetierkundliche Mitteilungen, 6:166-173.
Christoffersen, M. L. (1995). Cladistic taxonomy, phylogenetic
systematics, and evolutionary ranking. Systematic Biology, 44:440-54.
Ellerman, J. R. and T. C. S. Morrison-Scott. (1951). Checklist of
Palaearctic and Indian Mammals 1758 to 1946. London: British Museum
Trustees, 810 pp.
Ellerman, J. R. , T. C. S. Morrison-Scott and R. W. Hayman. (1953).
Southern African Mammals 1758 to 1951: a reclassification. London:
British Museum Trustees, 363 pp.
Frade, F. (1955). Ordre des Proboscidiens. Traité de Zoologie: Anatomie,
Systématique, Biologie (P-P.Grasse, ed.), 17:715-783.
Groves, C. P. and P. Grubb. 1986. Elephant taxonomy. Elephant, 2(2): 168170.
Grubb, P., Groves, C. P., Dudley, J. P., and Shoshani, J. (2000). Living
African elephants belong to two species: Loxodonta africana
(Blumenbach, 1797) and Loxodonta cyclotis (Matschie, 1900). Elephant,

2(4):1-4.
Petter, G. (1958). A propos de quelques petite elephants de foret attribues a
Loxodonta cyclotis Matschie. Mammalia, 70:575-590.

Elephant, Volume 2, Number 4, pages 7-8
Copyright © 2000 Elephant Research Foundation

What are the Elephants of West Africa?

by Colin P. Groves
Department of Archaeology & Anthropology, Australian National
University, Canberra, ACT 0200, Australia
As well as the elephant {Loxodonta), three other large
mammal species or species-groups have distributions covering
both the rainforest bloc and the savannah bloc in Africa: buffalo
(Syncerus), bushpig (Potamochoerus), and bushbuck (Tragelaphus
scriptus group). The studies of Peter Grubb (1993) have thrown
light on how these three species respond taxonomically to this
diversity of habitats.
The simplest case is Potamochoerus (Grubb, 1993). The
Bushpig (P. larvatus) is widespread in savannah (or, more strictly,
bush) areas from Ethiopia through East Africa into Angola and the
Cape; it thrives in Madagascar, where it was introduced in precolonial times. The Red River Hog (P. porcus) is found in the
rainforest zone, from the Democratic Republic of the Congo
(DRC, formerly Zaire) through West-Central Africa on through
West Africa. The ranges of the two species are mapped by
Vercammen et al. (1993). Grubb could find no indication of
interbreeding between them, though their ranges came close
around the Sudan-Congo border and in the Central Rift Highlands
where the forest ends and the savannah begins; in fact, P. larvatus
is found in forested areas in the latter region. In West Africa, he
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studied specimens or found records of the genus from Senegal,
Guinea, Guinea-Bissau, Sierra Leone, Liberia, Ivory Coast, Ghana,
Togo, Benin and Nigeria. All are clearly P. porcus, despite the fact
that some of the records are apparently from north of the forest
zone proper, perhaps (as Grubb suggests) in gallery forest. There
is no sign that P. larvatus extends into West Africa; in fact, there
are no indications that it extends west of about the Garamba region
of north east DRC.
The African buffaloes are traditionally all placed in a single
species, Syncerus caffer, because there is no doubt that the large
black savannah buffaloes and the small red forest ones commonly
interbreed where their ranges meet, despite being dramatically
different (Grubb, 1972). The horns of the East and South African
black race (S. c. caffer, the Cape Buffalo) sweep out in a wide curve
and meet to form a bony “casque” on the forehead, whereas those
of the Red Buffalo (S. c. nanus) turn simply upward and have only
the slightest indication of a “casque”. There are two supposedly
intermediate races: one from the West African savannah (S. c.
brachyceros), larger than S. c. nanus, often partly or completely
black when mature (as, in fact, are a few specimens of nanus too),
and with more spreading horns; and one from Chad, Sudan and
Ethiopia (S. c. aequinoctialis) which is essentially a smaller
version of the Cape Buffalo. In fact, as Grubb shows, the two are
not fully intermediate; S. c. brachyceros is essentially a larger Red
Buffalo and overlaps with it in its characters, while S. c.
aequinoctialis is barely if at all distinct from the Cape Buffalo.
There is actually a sharp break between them in the Shari River
district, southeast of Lake Chad, 15-27°E, 3-12°N, with very little
overlap of characters; while in northeastern DRC (in the Garamba
region), and in the Central Rift Highlands, typical forest Red
Buffaloes come into close contact with big Black Buffaloes with
little sign of interbreeding (in the Rift region) or none at all (in
Garamba). These sharp breaks are why Grubb refers to “incipient
speciation”, and it seems clear that today it would be more
reasonable to recognize two species, S. caffer and S. nanus. As in
the Bushpig case, the East and South African savannah species
does not extend into West Africa; instead, the Red Buffalo (more
decisively than the Red River Hog, it would seem) extends out
from the forest onto the savannahs West of Lake Chad.
The case of the Bushbuck (Tragelaphus scriptus) is yet more
complex (Grubb, 1985). Small red bushbuck with white stripes
and spots {scriptus group) extend throughout the forest bloc and
north into the savannah/bush country of West Africa, Chad and
Sudan north as far as the Bahr-el-Ghazal. Large sexuallydichromatic bushbuck (males chestnut to dark brown, females
redder), with few white markings (sylvaticus group), inhabit the
savannah/bush country of East and South Africa. The ranges of the
two appear to interdigitate in southeastern Sudan, Uganda, and
northeastern DRC, with little or no sign of interbreeding. The
situation is complicated because there are bushbuck in Ethiopia
and in the eastern coastal forests (from Somalia into Tanzania)
which are different yet again. Probably the species T. scriptus
ought to be divided into several species. Be that as it may: the
important point is that in all three species, we have a rainforest
and a savannah/bush species, which may or may not interbreed,
but in any case sparingly and not panmictically. But in West
Africa, it is the forest species, not the expected savannah species,
which occupies the savannah/bush zone. In the bushpig and
bushbuck, the interloper extends into the Sudan; in the buffalo,
only to the longitude of Lake Chad.
The fourth savannah/forest group is, of course, the African
Elephant. Papers in this volume demonstrate that the Forest

